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Highway Design
Automotive Suspension
SUPER TENSILE MUSIC WIRE
PLATED WITH PURE GOLD...
developed by American Steel and Wire Company
Tenor banjo and tenor guitar players have long
been plagued by unsatisfactory "A" or first
strings. This string, when properly tuned, is
under such high strain that most wires 'barely
reach pitch. At the request of the Mapes Piano
String Company, the Metallurgical Department
of the Worcester Works of the American Steel
and Wire Company, a subsidiary of United
States Steel, created, after months of research, a
wire specifically for this purpose. This new wire
is made so strong that it possesses more than
twice the tensile strength, in pounds per square
inch, of cross sectional area, of the steel wire
which American Steel and Wire spun into cables
to suspend the 81/4 mile bridge across San Fran-
cisco Bay from San Francisco to Oakland, Cali-
fornia. This makes the new string the strongest
wire of its size of any kind known today.
This high quality super tensile wire is pro-
duced by a special combination of heat treat-
ments and exceptionally long and exacting cold
working. The result is a wire of 0.010 gauge with
a tensile strength of approximately 460,000
pounds per square inch. One pound of this wire
extends 3749 feet, or sufficient footage to pass
from nut to bridge on approximately 1500 banjos
or guitars. This unusual wire is then plated with
pure gold in order to prevent rust and to impart
beautiful appearance.
Opportunities
This wire development is typical of the work
being done in United States Steel Laboratories.
But such research is only one kind of develop-
ment to be found within the United States Steel
industrial family.
United States Steel
and the steel indus-
try are famous for
development of men.
Have you seen our
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Here you see the Navy-Douglas D558 Skystreak—a dramatic demonstration of the structural advantage ofmagnesium. Strong magnesium alloy sheet is literally "wrapped" around the Skystreak's powerful jet engineto form the entire fuselage skin aft of the pilot seat. This makes possible a monocoque structure which com-pletely eliminates the usual stringers, except for frames carrying concentrated loads.
However, this is only one use of magnesium. It is also used for binoculars, typewriters, pruning shears—in fact,wherever flexible design properties as well as lightness and strength are desired, magnesium should be considered.
Dow produces, in addition to magnesium and plastics, more than five hundred
essential chemicals from plants strategically located in Michigan, Texas and
California. Among these are pharmaceutical chemicals such as chloroform,
iodine and aspirin; also insecticides like Dowklor and DDT, which aid greatly
in increased agricultural production. Dow therm, the liquid heat transfer medium
for use in processing plants, is another of Dow's products, as is Methocel, which
is used in many industries as a binder, thickener, and dispersing and emulsifying
agent.
This, in brief, is some indication of how Dow serves agriculture, as well as
industry and the public welfare in general; helping to maintain and raise still
higher, the American standard of living.
THE DOW CHEMICAL COMPANY • MIDLAND, MICHIGAN
New York • Boston • Philadelphia • Washington • Cleveland • Detroit • Chicago
St. Louis • Houston • San Francisco • Los Angeles • Seattle
Dow Chemical of Canada, Limited, Toronto, Canada
• fa
CHEMICALS INDISPENSABLE
TO INDUSTRY AND AGRICULTURE
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Probably you think of Westinghouse as one of the
world's largest manufacturing companies—which it is.
• Yet Westinghouse is not just a single giant company.
It is actually made up of many individual units. Each
has its own sales, engineering and manufacturing
organization. With such a divisional set-up, your
progress toward a key job can be more rapid—advance-
ment more frequent, your opportunities and scope of
activities almost unlimited in any of the many divisions
or subsidiary companies listed at the right.
The reputation and stability of Westinghouse, plus
the advantages of its divisional operation, plus the
rapid growth of the electrical industry—offer you un-
usual opportunities for a successful career. All of these
factors are important to consider in planning your future.
G-10025
We invite you to investigate the opportuni-
ties open to you at Westinghouse. Begin
planning your future today. Get your free
copy of the booklet, "Finding Your lace
in Industry".
Westinghouse
























Manufacturing & Repair Division
SUBSIDIARY COMPANIES
Bryant Electric Company
Westinghouse Electric Supply Company
Westinghouse Electric International Co.
Westinghouse Radio Stations, Inc.
r To obtain copy of Finding Your Place in Industry, consult
Placement Officer of your university, or mail this coupon to:
The District Educational Coordinator
Westinghouse Electric Corporation
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A Freshman Class will be admitted at the opening
of the next term at Rose, January 31, 1949. A few
places are still open for students with good high school
records.
For further information address the Registrar.
ROSE POLYTECHNIC INSTITUTE
TERRE HAUTE, IND.
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9frteii4alAle ?
There has recently entered into the thinking of a vast majority of college
students an attitude of utter defeatism concerning the economic future of the
United States and the possibility of maintaining a state of real peace in the world.
The presence of this attitude in the best young minds threatens to subdue
the ambition which normally activates them and thus to jeopardize the con-
tinued flow of new ideas and new methods for which society as well as industry
has traditionally looked to the young college graduate.
Particularly to us, its present and future engineers, does Western Civiliza-
tion look for technological advancement during these crucial times. Ob-
viously, it must be we who shall keep America up to date in military produc-
tion. Equally as important, it must be we who shall find ways of increasing the
productive efficiency of the nation so that the result of four years of war
production and subsequent sharing of our wealth with Europe will not have
disastrous effects upon the American standard of living.
That standard of which we are so proud — justly proud — is already en-
gaged in a rear-guard action. We may call it inflation, we may blame it on
governmental interference with business, we may even accuse the trade unions
of deliberately cutting production; but regardless of the immediate cause, the
basic reason why a stenographer's $50 pay check today will not buy as many
steaks as her $30 pay check could have bought ten years ago is that from
1940 to 1945 the productive capacity of the nation was dedicated to the making
of "guns instead of butter". Now it is up to us to find ways for compensating
for all the "butter" which was, never produced.
There is still a more subtle side to this idea of inevitable war and tragedy.
When a man believes something to be inevitable, he ceases to resist it. A
fighter pilot shot down over the Pacific refused to accept death as inevitable
and survived for 21 days to fight again; others, accepting their doom, perished
in a day or two. To accept war with Russia or economic collapse as inevitable
is to undermine mentally every physical effort we may make at maintaining
peace and prosperity.
Along with every other thinking person, it is the engineer's duty to purge
our minds of any trace of defeatism. We can study and work and believe—
within our brains we hold the key to a prosperous world living in peace.
A. J. V.
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Modern Design of Intersections Reduces the Accident Toll
With the invention of the wheel
was born the science of Highway En-
gineering. For with the use of the
wheel on vehicles of transportation,
there arose the necessity of specially
constructed trails, or roads, over
which these vehicles could travel
with greater ease. Later, with the
increase in speeds, due to the inven-
tions of the diesel and internal com-
bustion engines, of automotive ve-
hicles; better and well planned, de-
signed, and constructed roads became
a necessity. Thus, Highway Engin-
eering became a more exact science.
Today, in this fast and modern age in
which we are living, the science of
Highway Engineering produces an
even more complex problem than
ever before. The best answer pro-
duced, so far, to this question of high
speed automobile travel with safety
and convenience to the motorist, is
the design of modern rural highways
and expressway systems throughout
the United States.
The problem of design of modern
highways may be broken up into two
parts: that of geometric design, which
deals with the width and horizintal
and vertical alignment of the road;
and that of structural design, which
relates to the weight-carrying ability
of roadways. The predominant feature
in each of these phases of modern
highway design is safety, followed
closely by costs. In both the determin-
ation of geometric and structural de-
sign three fundamental considera-
tions are closely followed. They are:
the number of vehicles to be accomo-
dated during peak hours of traffic;
the types of vehicles that will use
the road; and the speed at which
they may safely operate.
Geometric Design
First of all, we shall consider the
problems involved in the geometric
design of modern highways. The fac-
tors which determine the geometric
design are location, number and
width of lanes, sight distance, vehicle
dimensions, horizontal curves, inter-
sections, and grade separation struc-
tures.
Today, location of roads is largely
a matter of relocating existing inade-
quate facilities, rather than creating
entirely new routes. When choosing
a location for an expressway, the
essential requisite is to make a com-
plete study of the present and future
requirements of the area to be
served, in order that the investment
may be wisely made. Considered in
this are the traffic patterns, types of
vehicles, driver habits, and origin and
destination studies. Many errors of
location made in the past could have
been avoided if engineers had been
fortified with adequate traffic an-
alysis data to define clearly the pur-
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pose of the facility to be constructed.
It is also possible in many cases to
improve the location of a road by
taking full advantage of the terrain.
For example, in widening a two-lane
road to four lanes, the new section
need not necessarily follow the grade
and alignment of the existing pave-
ment. By separating the two parts
of the road, it may be possible to
save on right-of-way costs and to in-
crease safety by relieving the mon-
otony of driving long distances on
straight, level road. Terrain should
be chosen, if possible, where mini-
mum amount of excavation or borrow
is involved in order to obtain a road
of minimum degree of vertical and
horizontal curvature.
Another consideration when choos-
ing a new highway location is that of
right-of-way. Right-of-way for all
systems must be adequate for future
widening when required, to preserve
the investment, and to control move-
ment on and off the highway. It is
also necessary that locations on all
routes be permanently established as
rapidly as possible and right-of-way
acquired far in advance of construc-
tion. Early acquisition often results
in substantial financial savings.
Traffic lanes must be planned so
that they are wide enough to provide
lateral maneuvering space for all
types of vehicles operating speeds
for which a road is designed. For
passenger car travel at normal oper-
ating speeds, 11-ft. lanes in rural
areas are adequate. On rural roads
carrying high percentage of commer-
cial vehicles, 12-ft lanes are the
accepted standard.
National standards for interstate
systems prescribe 12-ft lanes where
traffic density at the 30th highest hour
of the year exceeds 200 vehicles per
hour, with 11-ft for lesser volumes.
For roads which are designed for
speeds of 50 mph or more and vol-
umes between 100 and 200 vehicles
per hour, 11-ft lanes are recommend-
ed. Ten foot lanes may be used, al-
though not recommended for modern
highways, on roads expected to carry
100 vehicles or less per hour at speeds
of less than 50 mph. National stand-
ards for interstate systems provide
for design speeds ranging from 70
mph in level country to 50 mph in
mountainous country. For all ex-
press ways and freeways 12-ft lanes
are the accepted standard.
To determine the exact number of
lanes, all elements of topography and
potential use characteristics must be
considered, but, in general, when the
daily traffic averages 5,000 vehicles,
a four-lane highway should be used.
The modern trend is, when four-
lanes are employed, to construct dual
lane highways. This division of four-
lane highways into two one-way
pavements is justified on grounds of
safety and increased flexibility and
efficiency in movement of traffic.
Dividing streams of traffic eliminates
almost all head-on collisions; head-
light glare is reduced by narrow di-
viding strips, and is almost eliminated
when strips are wide.
The superiority of divided high-
ways is particularly evident at grade
intersections. Pedestrians and drivers
crossing such roads need to watch
traffic in only one direction at a time.
Another determining factor when
considering widths of roads is the
dimensions of the vehicles which
will travel over it. Therefore, in many
states the maximum widths of com-
mon carriers are limited by law. For
interstate expressways it is recom-
mended that 12-ft lane widths be pro-
vided to accomodate all legal-size
vehicles. Heights of vehicles have al-
so been standardized so that over-
passes, underpasses and bridges will
accomodate all legal-size vehicles.
Sight distance on all highways
must be adequate for overtaking and
passing vehicles and for safe stopping
in emergencies. For a road with a
design speed of 70 mph, the recom-
mended standard for sight distance
necessary for overtaking and passing
is 2,600 ft. This distance is reduced
to 600 feet for design speeds as low
as 30 mph.
Sight distance for safe stopping is
the number of feet between a vehicle
and an obstruction in which the ve-
hicle may be brought to a halt to
avoid an accident. Recommended
standards vary from 475 to 200 ft,
depending upon the design speed of
the road. These standards for sight
Continued On Page 16
Cut Courtesy Bethlehem Steel Company
Longitudinal and transverse contraction and expansion joints as employed in modern concrete highways.




A highly sensitive mechano-elec-
trical transducer, which transforms
slight displacements into large
changes of resistance, current or
voltage, is now being developed by
the National Bureau of Standards.
The active element of the device is
a helical or conical spring wound in
such a way that the initial tension
varies slightly along its length. Thus,
when the ends of the spring are pull-
ed apart, the turns separate one by
one rather than simultaneously.
When the spring is entirely closed,
it has an electrical resistance approx-
imately that of a cylindrical tbue.
When it is completely open, its re-
sistance is that of the total length of
the coiled wire. Resistance can thus
be varied over a wide range by
stretching the spring. As the percent-
age change in resistance may be
hundreds of times greater than the
percentage change in length, displace-
ments as small as 1/100,000 of an inch
can be easily measured without the
use of electrical amplifying devices.
By Dale Carey, soph.
and George Eddy, soph.
The spring transducer thus provides
a sensitive means for conversion of
any mechanical displacement to a
change in an electrical quantity that
can be precisely determined. When
connected to another transducer
which gives a mechanical displace-
ment output (a bimetallic strip re-
sponding to temperature changes, for
example) , the combination gives an
easily measurable electrical output.
This type of use suggests numerous
scientific and industrial applications,
including strain gages, pressure ele-
ments, accelerometers, electric weigh-
ing devices, automatic temperature
controls, dc-ac inverters, and voltage
regulators.
The preferable construction for the
transducer is a four-arm bridge of
which each arm is a variable-resist-
ance spring. An increase in applied
tension elongates one pair of springs
and shortens the other pair.. The re-
sistive unbalance of the bridge, as in-
dicated by a galvonometer, thus gives
a measure of the displacement that
has occured. With this arrangement,
since the voltage can be nearly re-
Spring Type Tranducer In Operation.
versed through the bridge, the out-
put voltage can be theoretically twice
the input voltage.
The variation of the initial tension
of the spring along its length may
be accomplished in several ways: by
conical winding, by varying the angle
of feed of the wire on a uniform
mandrel, or by varying its tension as
it is wound. For greatest sensitivity
the variation in initial tension is made
quite small. To decrease contact re-
sistance between successive turns of
the closed spring, a high average in-
itial tension is built into the spring,
and the turns are coated with 0.0001
inch of gold. Thus far, nickel-alloy
wire has been mainly used, because
of its high resistivity and small change
of mechanical properties with tem-
perature.
New Welding Electrodes
A new type of manual-arc welding
electrode has been designed to im-
prove weld quality as well as to lower
welding costs.
These new electrodes, available in
lime ferritic, iron oxide, and organic
types, have a special type of coating
and offer certain definite advantages.
Training time for inexperienced
welders is shortened and less expen-
sive quality control is required. High
deposition rates and efficiencies re-
sult in lower costs per foot of weld
joint. Operator fatigue is reduced and
a higher production rate per unit of
time is obtainable. These new-type
Norelco contact welding electrodes,
two of which can also be used on a
semi-automatic basis, permit touch-
welding in all welding positions ex-
cept vertical up and have automatic
starting and re-igniting properties.
They deposit weld metal of the high-
est mechanical properties and have
deposition rates from 25% to 100%
higher than those of standard-type
electrodes.
These electrodes offer high depos-
ition efficiency because of their low
spatter losses and special coating. The
special type of penetration obtained
considerably decreases the possibility
of undercutting. Standard size joints
can be made with fewer layers, as
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more weld metal per pass is obtain-
able.
The electrodes work satisfactorily
with standard welding equipment on
AC or DC, reverse or straight polar-
ity. Very high currents, up to 600
amperes for the 5/16" size, may be
used.
America's Foggiest Airfield to Test
Krypton Approach Lights
America's foggiest airfield, in Ar-
cata, California, is soon to be equip-
ped with an all-weather approach
lighting system which will be visible
to pilots in heaviest fogs for at least
1,000 feet. The most brilliant of the
lamps will contain the rare gas from
the atmosphere known as krypton.
The system will include 36 of these
world's brightest lights, and 35 lights
of somewhat lesser brilliancy. Lined
up in a row two-thirds of a mile long,
the 71 lights will produce lightning-
like flashes to guide fogbound pilots
to the runway.
The 36 krypton flash units will be
placed in line alternately with 35
neon units. When flashed fromone
to another in the wink of an eye, the
lights will appear like a flash of light-
ning to a pilot in the air.
Krypton lamps use this1iiitIinstead
of the argon formerly used. It can
be obtained by the distillation of
liquid air. Krypton gas gives a great-
er brilliancy than argon or neon.
Those to be used here are four-inch
long, slender, quartz tubes filled with
the gas, and have a peak capacity of
3,300,000,000 candlepower each.
Conventional Plus Jet Power
Feature Carrier Plane
Conventiovial engines plus jet pro-
pulsion feature in a new Navy plane
designed for carrier operations. Two
reciprocating engines are located un-
der its wings, and a turbo-jet engine
is in the tail of the fuselage.
In normal operations, the con-
ventional engines will be used. When
added speed is •needed, the jet can
be cut in. The reciprocating engines
are Pratt and Whitney Wasp Majors,
and the jet is a GE-Allison turbo -jet.
This new plane, which has already
completed initial flight tests, will be
knSwn as the XAJ-1. It carries a
crew of three, has tricycle landing
gear, high wing, and four-bladed pro-
pellers. Outer wing panels fold in-
board and the vertical tail folds onto
the right surface of the horizontal
tail.
This plane will be considerably
faster and able th carry a heavier
bomb load than present carrier types.
Airborne Magnetometer Detects
Oil Formations Under Water
The magnetometer is a device
housed in a bomblike structure which
is trailed behind and below an 
plane. Its delicate magnetic instru-
ments react to magnetic influences
below, even to a submarine concealed
deep in the ocean. It was used during
the war, and since, to locate hidden
iron ore deposits. Its greatest use to-
day is in the search for petroleum,
even oil under swamp s and in the
ocean bed.
It has already been used in many
surveys for oil, including an 85,000-
square-mile area of the continental
shelf in the region of the Bahama
islands where other scientists, work-
ing under giant diving bells, used
gravity methods. The magnetometer
method is now being used to explore
a great tract in Africa with American
planes and American instruments.
Many other surveys have been made
over dry land and almost inaccessible
swamps. One great value of the mag-
netometer is its ability to survey
hard-to-get-at areas, and do it with
great speed.
The magnetometer reacts th the
earth's magnetism, in addition to iron
and steel objects and to deposits of
magnetic ore. It is a well-known fact
that the earth's magnetic field varies
in intensity. The variations of import-
ance in oil explorations are those
causI., by differences in composition
and proximity to the surface of the
magnetic igneous rocks which com-
prise the underlying or basement rock
found in all areas.
When the structural configuration,
or form, of these basement rocks is
such as to bring them relatively close
to the surface, a magnetically high
area will be indicated by the instru-





which permits them to make a con-
tour map, which shows variations in
the composition and structure of the
earth's basement rock.
The overlying sedimentary rock
may reflect a similar configuration,
which can indicate the existence of
geological conditions permitting the
accumulation of oil.
The heart of the magnetometer is
a magnetically sensitive element
about the size of a cigarette. .Its
findings are transmitted to the in-
strument in the plane through the
trailing cable. The airborne mag-
netometer's success is due in large
S. rt to its ability automatically to
orient itself at all times so thap III
t it
is in perfect alignment with the
earth's magnetic field.
New Injection for Gas Boosts
Auto's Power
An alcohol-water injection for
the gasoline in a car's engine, ad-
apted from the wartime anti-detonant
injection used in American war-
planes, may give motorists more
power and less "knock" on hills.
The injection fluid, called Vitol, and
an auxiliary carburetor, the Vita-
meter, may mean a saving in fuel
supplies as well as improved car per-
formance.
Using the booster fluid has the ef-
fect o 
8
f raising the gasoline's ctne






Welding Rods with New Type Coating.
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Striped Down Automobile Showing Front Suspension System.
44,1amolioe S
The author wishes to thank Stude-
baker Corp., of South Bend, Indiana,
for their generosity in supplying much
of the information used in the follow-
ing discussion, as well as for their
friendly cooperation. Appreciation is
also due Shanks Motor Company, of
Terre Haute, Indiana, for the oppor-
tunities extended to the author.
One of the most outstanding a-
chievements in automotive design
since the advent of the horseless car-
riage has been the continual im-
provement of riding quality and body
stability. It might truthfully be said
that the greatest contribution to the
smooth ride in today's motorcars is
the pneumatic tire rather than the
suspension system, for certainly there
is a greater difference between mod-
ern rubber tires and the old steel
wagon tire than there is between the
suspension systems of yesterday and
today.
However, the present ideas incor-
By F. Allen Schmidt, sr., m.e.
p9rated in suspension design are
worthy of consideration to the en-
gineering enthusiast. Basically, a
suspension mechanism is that system
of parts which connects the wheels
and axles to the main frame or
chassis, the desired function being
that, while the wheels follow a rough
contour of the road, frame and body
travel in a straight line, unaffected
by the up-and-down bobbing of the
wheels. If the wheel assembly is the
only part of the car to undergo ver-
tical motion while the body remains
in nearly the same horizontal plane
at all times, then there must be ex-
tremely variable motion between
wheels and frame.
When the car rolls over a de-
pression in the road the wheels must
separate from the frame; and when
it rolls over a raised portion the
wheels must come closer to the frame.
At the present state of development
in suspension systems, part of this
eadien
axle motion will be transmitted to
the body. If only the right front and
rear wheels, say, experience the road
shock, a torsional vibration will be
set up about the longitudinal axis.
Similarly, at the moment both front
wheels experience a road shock the
front end of the car will be raised
(or lowered, as the case may be)
higher or lower than the rear, result-
ing in a momentary torsional vibra-
tion about the lateral axis. The side-
wise rocking is called roll, and the
endwise rocking is called pitch. Fur-
ther linkage of some sort in addition
to springs and control arms is often
incorporated in suspension design to
counter-act these undesirable effects.
With the growing use of coil springs,
this instability is often more pro-
nounced than with the classical leaf
spring.
One make of car which still in-
cludes the forward leaf spring is the
Studebaker, on all models. Perhaps a
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more comfortable ride might result
from use of the coil as far as up-and-
down translation is concerned, but
stability is sacrificed, and a stabilizer
becomes necessary at additional ex-
pense. In the 1948 model Studebaker,
rotary-type rear shock absorbers are
mounted with activating arms ex-
tending toward the center of the car,
with the plane of their rotation
perpendicular to the longitudinal axis
of the car. This arrangement differs
from some previous models, which
mounted rear shock absorbers so that
the plane of the activating arm was
parallel to the axis of the car. The
present system helps to stabilize roll
of the body by hydraulic action only,
rather than by a combination of very
light hydraulic action and undesir-
able strain.
The vibration system of the con-
ventional automobile suspension is
an exceedingly complicated one. One
degree of freedom is said to prevail
if one deflection distance will exact-
ly define the given system and all of
its forces (provided spring constants,
etc., are known) . In the case of the
motorcar there are three separate
and distinct masses: the body, the
front axle, and the rear axle. There
are eight distinct springs: the four
main springs proper and the four
tires. Each body or mass may have
the following motion: (1) rolling
about the longitudinal avis, (2)
pitching about the lateral axis, (3)
nosing or yawing about a vertical
axis, (4) vertical translation, (5) end-
wise horizontal translation, and (6)
sidewise horizontal translation. Since
there are three different bodies, there
are 18 degrees of freedom. To ration-
ally analyze this system for discussion
would require considerable mathe-
matical proficiency.
For this reason, we shall consider
only one degree of freedom with
forced vibration and damping. It
seems fitting that we should choose
as our example the product of Stude-
baker Corporation, of South Bend,
Indiana. Every year for ninety-eight
years Studebaker has suspended a
frame from the four wheels of what-
ever the current vehicle may have
been—from horse-drawn wagons to
the modern motorcar. Today sound
engineering convictions are upheld in
several instances at Studebaker
where the objective viewpoint may
hold both pro and con arguments.
The front leaf spring is such an in-
stance, and will be considered later.
In developing the equation of mo-
tion for either the front or rear auto-
motive suspension systems it seems
permissible to assume a simple linear
vibration system in both cases, even
though the front system is a torsional
one with the centers of rotation at
the bearings where upper and lower
control arms are joined to the frame.
The weight supported by each wheel
is applied at a point on the lower con-
trol arm not quite as far out as the
kingpin, while the damping force
from the shock absorber is applied
to the upper control arm hardly more
than half-way out to the kingpin.
However, both spring and damping
forces may be thought of as applied
at opposite ends of the kingpin for
the purpose of our discussion. For,
in reality, there is an equivalent sys-
tem the linear forces of which (ap-
plied in the same straight line) will
cause the same behavior as that
which does occur.
Between the suspended mass (body
and frame) and the rigid ground,
which will be assumed to include the
kingpin, there is a spring of stiff-
ness k (lbs/in) . Parallel to the
spring, between the same points, is a
damper or shock absorber. This will
transmit force to the mass only when
it is in motion and in amount directly
proportional to the velocity of mo-
tion. The force from the damper is
c x x' (where x' is the first derivative
of x with respect to time) , and the
damping constant c in lb-sec/inch.
The damping constant naturally
changes with temperature, since the






viscous when it is cold. In the dis-
cussion to follow w will denote forced
angular velocity in radians per sec-
ond, m the mass in lb-sec2/inch, and
t the time in seconds.
When the ground "moves" up and
down with an amplitude of b, and its
change of contour is determined by b
sin wt, this relative motion of the
ground is completely equivalent to
an external force acting on the car
body. If the body displacement is x,
then the relative motion y between
the frame and axles is x — b sin wt.
The spring force is thus k (x — b) sin
wt) , and the damping force is c (x' —
bw) cos (wt.) . The resulting differ-
ential equation of relative motion is:
d2y dy
m — c — ky = mbw2 sin wt
dx2 dx
Solving for maximum amplitude with
respect to level ground the algebraic
eqquation becomes:
xo mbw2 
V (cw) 2 + (k njw0) 2
In this derivation the equation of
motion is obtained for the absolute
displacement x, and from the fore-
going relation it is obtained in terms
of the relative displacement y. It is
important to remember that the
spring effect of the tire is disregard-
ed, the analysis of it being exactly
Continued On Page 22
NOVEMBER, 1948
Campus Survey
Rose Gets New Prexy
After several months of delibera-
tion, the board of managers has final-
ly announced that Mr. Ford L. Wilki-
son Jr. will be the next president of
Rose Polytechnic Institute.
Mr. Wilkison comes to us from
Annapolis, Maryland, where he has
been serving as academic dean of the
postgraduate school of the United
States Naval Academy. Upon exam-
ination of Mr. Wilkison's record,
there can be no doubt that he is an
excellent choice for president of such
an institution as Rose.
Originally from Kentucky, Mr.
Wilkison received his early schooling
at Georgia Tech, and the University
of Georgia. He received his masters
degree from Columbia University,
and did additional work at the United
States Naval Academy. He has served
as dean of the Speed Scientific School,
and on the faculty of the University
of Tennessee, in addition to his work
at the Naval Academy. He is a mem-
ber of many prominent societies in-
cluding Tau Beta Pi, Phi Kappa Phi,
and Sigma Tau.
The students of Rose are looking
forward to the first of the year, when
Mr. Wilkison will come to Rose to
assume his new position. In the mean-
time, Professor Wischmeyer will con-
tinue to serve as Temporary Presi-




The next time you are going by
the E.E. department take a look at
the collection of QSL cards that the
radio club hams have been collecting
in recent weeks.
Radio Club activities in the past
month consisted of a demonstration
by Robert Smith on multi-element
antennas, a continuation of his talk
from the previous meeting.
ASCE Activities
The student chapter held its usual
dinner meeting at the Fort Harrison
Country Club, overlooking the Wa-
bash River. Professor R. B. Wiley of
the Civil Engineering Department of
Purdue University was the principal
speaker for the evening and he pre-
sented a long and interesting paper
relating to the engineer as a citizen.
The student chapter is also plan-
ning a joint meeting with the Indiana
Section ASCE and the student chap-
ters of Purdue and Notre Dame Uni-
versities. This meeting will take
place sometime during the early part
of November. Various committees are
working on the preparation for this
project.
Football
They're off!! _and it's Rose by a
nose, coming into the far turn Rose
leads by 6 and at the finish it's Rose
by 12. The Fighting Engineers solid
This Man Runs His Own Interference.
line held McKendree scoreless the
entire game and yet they ripped open
the "Iron Curtain" of the opponents
while Harry Lucas carried the oval
for both touchdowns.
In the second game of the season
Rose was dropped by Canterbury
19-0. The Slipstick Kids fought hard
but "Lady Luck" turned against
them.
The third game brought the Scrap-
pin' Engineers back eager to revenge
the previous week. Although the
score was 0-0, Rose appeared to have
a T. K. 0. over Franklin by having
the greater number of first downs
and by knocking at the opponent's
door constantly. The fans witnessed
an excellent runner for the Grizzlies
in the person of Gallant. This speedy
back proved to be a constant threat
to the mighty Engineers.
This game was definite proof to the
fans that the Rose Gridders are not
to be taken lightly by their foes.
Junior Prom
The annual Junior Prom was held
in the Marine Room of the Terre
Haute House with Bill Oetzel and his
orchestra "pounding it out" from the
Mayflower Room. One of the main
factors contributing to the success of
the Junior Classes "brawl" was the
"high class" entertainment furnished
at intermission by the drummer. The
Juniors are to be complimented for
this excellent dance, and it is hoped
by everyone that the ones in the
future will be as burlesque.
Concluded On Page 30
With All Due Respect.
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"Will this course help prepare me for a telephone job?"
"Yes, it will. And that would be true of almost
any course you'd name.
"That's because varied abilities are required.
The telephone system has mechanical engi-
neers, electrical engineers, civil engineers, and
so forth. Some are in development or research,
and make contributions in these fields. More
are in the operating end. They deal with eco-
nomic as well as technical problems, handle
personnel, and assume other responsibilities
gained as their careers progress.
"In other words, telephony has many inter-
esting jobs. To prepare for one of them, learn
your particular branch of engineering and gain
as much all-around knowledge as you can."
BELL TELEPHONE SYSTEM
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Alumni News
Chester C. Stock
Dr. Chester C. Stock, son of Pro-
fessor Orion L. Stock, who is head
of the Engineering Drawing Depart-
ment of Rose Polytechnic Institute,
was awarded the Certificate of Merit
by the direction of President Truman
on Septembei 28 in recognition of
the outstanding service he rendered
his country during World War II.
Dr. Stock was born at Terre Haute
on May 19, 1910. He was graduated
from Garfield High School, where he
was editor of the yearbook. He gradu-
ated from Rose in 1932, having re-
ceived the Heminway Medal in both
his freshman and senior years. He was
president of Tau Beta Pi and editor
of the Modulus in his senior year,
served on the Technic staff, the
Student Council, and the Handbook
Committee, and was president of the
Sophomore Class and an honor man.
He also was a member of Alpha Chi
Sigma, the Polyphase Club, and the
American Chemical Society.
After graduation, he married Grace
Knipmeyer. They now live in New
York City.
He obtained a doctorate in bio-
chemistry at Johns Hopkins Uni-
versity in 1937, and in 1931, the
master of science degree at New York
University, where he served as an
By Edward Meagher, sr., ch.e.
and Mort Hief, soph.
instructor in bacteriology in the Col-
lege of Medicine for a number of
years.
In 1943 Dr. Stock was a technician
for the committee for treatment of
gas casualties, National Research
Council, and in 1945 served both as
deputy chief of the division of chem-
istry, Committee on Medical Re-
search of the Office of Scientific Re-
search and Development, and as
executive secretary, National Re-
search Council, Committee on Insect
Control.
In September, 1947, Dr. Stock ad-
dressed a meeting in St. Louis of the
International Cancer Council, and
later in that month conducted a one-
day seminar on biochemical matters
at the Commercial Solvents Corpora-
tion in Terre Haute. He is at present
chief of the experimental chemo-
therapy division of the Sloan-Ketter-
ing Institute for Cancer Research.
The award recognized Dr. Stock's
achievements as a member of the
Office of Scientific Research and De-
velopment, although the precise
nature of the achievements has not
been disclosed. The certificate was
presented at joint Army-Navy cere-
monies on September 28 in New York
City. Major General Julius Ochs and
Rear Admiral Walter S. Delaney
made the presentation.
Wilbur B. Shook and Grandson
Shown above are Wilbur B. Shook,
of Indianapolis, Indiana, and his ten
months old grandson, Billy Busch-
mann. Mr. Shook was a member of
the class of 1911 and is at present
vice-president of the Rose Polytech-
nic Alumni Association. Young Mr.
Buschmann is a prospective member
of the class of 1968.
)0 2 The alumni editor is in-
debted to Mr. M. W. Blair,
'03, for the following item.
Mr. Howard H. Craver, a student
in the class of 1902, died June 6,
1948. His major interest was in plas-
tics and at the time of his death he
was with the Pittsburgh Test Labor-
atory. Mr. Craver was a member of
the American Ceramic Society.
'18
Mr. Fred Springer former-
ly with the J. G. White
Engineering Corporation
in New York City, died last Septem-
ber.
CHANGING YOUR MAILING
ADDRESS? FOR PROMPT SERV-
ICE NOTIFY THE TECHNIC DI-
RECTLY-IN ADVANCE IF POSSI-
BLE.
'41
John R. Roberts was mar-
ried to Miss Norma Von
Oburu on Sunday, Sep-
tember 18 in Indianapolis, Indiana.
Mr. and Mrs. Richard43 Driskell have announced
the birth of their first
child, Douglas Gall Driskell. Young
Douglas, weighing in at seven pounds
and fourteen ounces, was born Aug-
ust 29, 1948.
Robert Penno and Miss
46 Mary Helen Moeller weremarried last July 31 in
Rhinelander, Wisconsin.
'48
William P. Woolsey is now
a member of the engineer-
ing staff of Eli Lilly and
Company in Indianapolis, Indiana.
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AT GENERAL ELECTRIC
General Electric is not one business, but an organiza-
tion of many businesses, offering opportunities in virtual-
ly all the professions. Here three G-E men brief the
career-possibilities which the company offers to the
technical graduate, the mechanical engineer, and the
chemical engineer.
TECHNICAL SPECIALISTS: MEET YOUR HOST
M. M. Boring (Colorado), manager of the Technical Per-
sonnel Division: It's my job to contact young men with
technical training who are interested in careers with Gen-
eral Electric, and to start them on their way up through our
training programs. Opportunities for them were never
greater. This year we have hired more electrical, mechan-
ical, and chemical engineers, and more chemists, metal-
lurgists and physicists, than ever before.
MECHANICAL ENGINEER
H. P. Kuehni, of the General Engineering and Consulting
Laboratory: Much of my work has to do with such hurry-up
calculating machines as the differential analyzer, the AC
network analyzer, and the electronic digital computer. For
the engineer with a bent toward mathematics, these ma-
chines are opening up exciting possibilities in many prob-
lems whose mathematical complexities, or sheer length,
have heretofore discouraged investigation.
CHEMICAL ENGINEER
Gil Bahn (Columbia), graduate of the G-E Advanced Scien-
tific Program: Graduation from this program poses an in-
teresting problem to the chemical engineer. Which of the
company's diverse fields of endeavor offers the greatest
challenge and opportunity? My own choice was in plastics,
particularly the complex processes used in manufacturing
synthetic phenol. I'm convinced it's one of the most fascinat-
ing tasks a young chemical engineer could tackle.
-.:••••••• "' •:.
For further information about a BUSINESS CAREER with General Electric, write Business Training Course,
Schenectady, N. Y.—a career in TECHNICAL FIELDS, write Technical Personnel Division, Schenectady, N. Y.
GENERAL 1.-6 ELECTRIC
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Siswood's
The Sterling Store of Terre Haute
Since 1877
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Continued From Page 7
distances produce limitations for the
horizontal and vertical curvature of
the road.
For interstate systems five percent
grades are the general limit, with a
maximum of six percent. Maximum
grades of 5 percent are specified be-
cause they do not interfere with
flexible operation of passenger cars.
On horizontal curves provisions
should be made to give a line of sight
of at least 400 feet ahead.
Whenever a highway changes
direction, a horizontal curve must be
inserted in order to ease the change
of direction with minimum loss of
speed. For roads designed for speeds
of 50 mph the curvature should never
exceed six degrees, and for speeds of
70 mph the curvature should not ex-
ceed four degrees. The outer edges
of the curve should always be super-
elevated, the amount of supereleva-
tion being an inverse function of the
radius of the curve and a direct
function of the square of the velocity.
On high-speed curves a simple curve
is not sufficient to adequately produce
the desired transition with ease and
safety. Therefore, these curves
should be spiraled at the beginning
and end. In mountainous country,
these curve specifications are difficult
to meet, but no matter what the con-
ditions are, the curve should have
the longest radius possible.
Still another important element
pertaining the geometric design of
highways is the treatment of inter-
sections. About 40 percent of all
highway accidents occur at inter-
sections. Today, three types of inter-
sections foremost in design exist.
They are: (1) Intersections at grade,
where one stream of traffic crosses
another; (2) rotary intersections
where vehicles converging at the
point of crossing enter a traffic circle
which merges with main flow; and
(3) grade separations which physic-
ally divide opposing streams of
traffic by means of underpasses and
overpasses.
The type of intersection employed
is determined on the basis of antici-
pated amounts and types of move-
ment and degree of hazard involved
at crossings. Provision must be made
for adequate sight distance, protec-
tion and guidance of all turning
movements and separation of vehic-
ular and pedestrian travel. National
standards recommended for the state
expressway system provide for grade
separations where 3,000 or more ve-
hicles use the road at the 30th high-
est hour of the year.
The railroad-highway grade-cross-
ing problem is a transportation sub-
ject of wide popular interest because
accidents at such locations have
pointed out the deficiencies of such
a system. Therefore, these crossings
are being replaced by overpasses or
underpasses, and newly designed
highways all call for these structures
where warranted. There is no exact
formula for determining when separ-
ations are warranted, but considera-
tion must be given to accident
records, accident potentials and
evaluation of time losses.
The final consideration to be given
to the geometric design of modern
highways pertaining to truck per-
formance. Truck performance studies
Continued On Page 18
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"Sunspot" research, by RCA engineers, helps radio communications to dodge interference
from magnetic storms. RCA Laboratories is a center of radio and electronic research.
93,000,000 miles of laboratory space
A cyclonic spot erupts on the face of the
sun, and—here on earth—we feel it. Sun-
spots cause "magnetic storms," which
disrupt radio communications.
What can be done about it? Research,
during which RCA scientists and engineers
"worked" by instrument on the sun-
93,000,000 miles away — offers an answer.
For years, science related magnetic
storms to sunspots. Accurate forecasts of
disturbances were needed.
RCA scientists took a new tack. They noted
that interference was most intense when
sunspots were in a certain "critical area."
Location and activity were observed to be
more important than size.
Using this knowledge, RCA communi-
cations engineers accurately forecast the
beginning and end of magnetic storms.
They have established a daily magnetic
storm forecasting service which is distrib-
uted like weather reports throughout the
world. Transmission of messages can be
arranged over circuits or paths that will
dodge interference.
Such a pioneering spirit in research gives
efficiency of service and leadership to all
products and services bearing the names
RCA, and RCA Victor.
• •
When in Radio City, New York, be sure to
see the radio, television and electronic won-
ders at RCA Exhibition Hall, 36 West 49th
Street. Free admission. Radio Corporation of
America, RCA Building, Radio City, N. Y. 20.
Continue your education
with pay—at RCA
Graduate Electrical Engineers: RCA
Victor—one of the world's foremost manu-
facturers of radio and electronic products
—offers you opportunity to gain valuable,
well-rounded training and experience at
a good salary with opportunities for ad-
vancement. Here are only five of the many
projects which offer unusual promise:
• Development and design of radio re-
ceivers ( including broadcast, short wave
and FM circuits, television, and phono-
graph combinations).
• Advanced development and design of
AM and FM broadcast transmitters, R-F
induction heating, mobile communications
equipment, relay systems.
• Design of component parts such as
coils, loudspeakers, capacitors.
• Development and design of new re-
cording and reproducing methods.
• Design of receiving, power, cathode
ray, gas and photo tubes.
Write today to National Recruiting Divi-
sion, RCA Victor, Camden, New Jersey.
Also many opportunities for Mechanical
and Chemical Engineers and Physicists.
RADIO CORPORATION of AMERICA
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have shown that operating conditions
are best when maximum advantage
is taken of truck momentum. Thus,
short rolling grades permit trucks to
operate with the least reduction in
average speed. When sustained grades
are necessary, the effect on truck
operation is the total amount of rise
to be accomplished. There is relative-
ly little difference in truck operation
as far as average speed is concerned,
whether the grade is four percent
or six percent. The truck must shift
to a lower gear in either case, and
there is no decided advantage in
engineers attempting to reduce a
grade from five percent to four per-
cent to benefit trucks.
For safety and protection of all
vehicles at intersections, it is neces-
sary that the radii of turning lanes
be great enough to accomodate
trucks. On divided highways and at
grade separations, increased facilities
are necessary to permit longer ve-
hicles to turn easily and safely. The
proportional outlay involved in these







Terre Haute's Pipe House
420 Wabash Ave.
is dependent upon existing conditions.
Structural Design
Highway pavements may be of two
types, the flexible or rigid type. In a
flexible pavement the support of the
load comes principally from the sub-
grade soil and supporting material
under a relatively thin wearing sur-
face of bituminous material, while a
rigid pavement consists of a thicker
slab of material such as portland
cement concrete. Pavement type is
primarily determined by the quality
of the available supporting subgrade
materials.
Highway bridge design loading is
controlled by the total weight of ve-
hicle loads as well as the number,
spacing and frequency of axle loads.
Bridges are classified in general as
11-10, 11-15, H-20 and H20-S16 load-
ings. These designations are based on
conditions brought about by groups
of vehicles crossing a bridge in a
single lane. For example, the H-20
design assumes a train of vehicles
consisting of one 20 ton truck pre-
ceded and followed at normal spacing
by 15 ton trucks. 11-10 design assumes
a 10-ton truck preceded and followed
by 71/2 ton trucks, and H20-S16 de-
sign would accommodate a 20-ton
truck and 16-ton trailer followed by
correspondingly lighter vehicles.
Standards for the interstate system
provide for H20-S16 bridge design,
and this standard should be used on
all expressway systems and all other
routes expected to carry maximum
legal loads. Other roads require de-
signs comparable to anticipated load-
ings.
In a proposed expressway system,
design standards must be high enough
to accomodate all types of vehicles
that will constitute the traffic over
the system. It is contemplated that
trucks will be operated on all units
of the expressway system, and buses
on most routes. It is essential that
bus routes be determined before ex-
pressways are designed, because
special provision must be made for
the safety of bus passengers and
Concluded On Page 20
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“—In life, as in chess, forethought wins "—SIR THOMAS F. BUXTON
Why surfaces now last longer
SMALL BOY'S BIKE or great ocean liner. .. there are finishes
for each so improved today that a one or two coat job holds
up longer than did dozens before.
Heat and cold, acids and gases, water or salt air just don't
crack and peel today's surface coatings as they once did. For
our homes and cars, our great bridges, our machinery for
farms and industry are now protected as never before.
Better materials—aided by research—bring us this better
protection. New plastics and chemicals, for example, that go
into quick-drying varnishes, lacquers, paints that keep a
like-new finish.
Industrial gases help us, too. In flame-cleaning structural
steel, the oxy-acetylene flame provides a clean, dry and
warm surface into which paint "bites” instantly and dries
quickly.
There's also stainless steel, the lustrous metal that needs
no surface protection ... that withstands wear and corrosion
on equipment used outdoors or in ... and keeps gleamingly
clean year after year.
The people of Union Carbide produce many materials
essential to today's superior surfaces and surface coatings.
They also produce hundreds of other materials for the use
of science and industry, to help maintain American leader-
ship in meeting the needs of mankind.
FREE: You are invited to send for the new illus-
trated booklet, "Products and Processes," which
shows how science and industry use UCC's
Alloys, Chemicals, Carbons, Gases and Plastics.
UNION CARBIDE
CAAffD  .R 13 0 IV" CORP° .1? A 27 0 Ir
30 EAST 42ND STREET KRA NEW YORK 17, N. Y.
Products of Divisions and Units include
LINDE OXYGEN • PREST-O-LITE ACETYLENE • PYROFAX GAS • BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS
NATIONAL CARBONS • EVEREADY FLASHLIGHTS AND BATTERIES • ACHESON ELECTRODES
PUSTONE AND TREK ANTI-FREEZES • ELECTROMET ALLOYS AND METALS • HAYNES STELLITE ALLOYS • SYNTHETIC ORGANIC CHEMICALS
2i&sert . • • •
general traffic, with facilities for load-
ing and unloading passengers outside
the traffic lanes. Such facilities must
be designed into the system because
of the impracticability of adding them
after the highway is constructed.
As has been stated, one of the most
important items to be considered in
the structural design of pavements
is motor vehicle loads. The load
carried on a single axle is limited to
18,000 lb by national standards, with
a maximum of 32,000 lb for dual axles
spaced less than 8 ft apart. The thick-
ness of the slab to be used, and the
type of reenforcing and spacing of
the transverse joints, in case of con-
crete pavements, are determined by
motor vehicle loads.
Having thus considered the major
elements of road design standards,
it is now easier to understand the
complexity of the engineering prob-
lem involved in highway construc-
tion and the use of public funds in
building safety and service into road
facilities for the motorist.
• 
ATHLETIC GOODS CO, Inc.
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Highways Can Be Beautiful As Well As Functional
It's Coming! . . . Don't Miss It!
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For Students of Scienced Engineering
They said, "You can't do it!"
But Du Pont scientists
developed a synthetic rubber
with superior properties
"Synthetic rubber is an impossibility
at any price!" declared a noted Euro-
pean scientist a number of years ago.
And most people were inclined to
agree because for more than a century
chemists had been unable to dupli-
cate natural rubber.
Du Pont scientists knew that all
rubber had bad qualities as well as
good. "Why struggle to duplicate its
faults?" they asked. "Why not find
a new chemical compound with all
the good qualities of rubber, but
none of the bad?"
They took as their starting point
a discovery by Dr. J. A. Nieuwland
of Notre Dame in connection with
the polymerization of acetylene. By
modifying this process, they made
monovinyl acetylene. Adding hydro-
gen chloride, they made a new chem-
ical compound called chloroprene —
a thin, clear liquid at low tempera-
tures. Like isoprene, it polymerized
to form a rubber-like substance. But
the new material, now known as neo-
prene, required no sulfur for vulcani-
zation and was superior to rubber
under many service conditions.
Today neoprene production is
measured in millions of pounds a
What you want to know about
Du Pont and the College Graduate
"The Du Pont Company and
the College Graduate"—newly
revised, fully illustrated—de-
scribes opportunities for men
and women in research, produc-
tion, sales and many other fields.
Explains how individual ability
is recognized and rewarded un-
der the group system of opera-
tion. For your free copy, ad-
dress: 2521 Nemours Building,
Wilmington 98, Del.
year, even though it is priced higher
than natural rubber. Hardly an in-
dustry is not now using it, for such
good reasons as these: neoprene prod-
ucts resist deterioration by oils and
greases. They stand up under expo-
sure to direct sunlight. Their aging
and flame-retarding properties also
are superior to those of rubber.
Three types of Du Pont research
Modern research involves time,
money, manpower. To develop neo-
prene, for example, took six years of
laboratory study, a research and de-
velopment expenditure of millions of
dollars, plus the work of skilled re-
search chemists, physicists, engineers,
and other scientists.
At Du Pont, research is continuous.
Some of it is designed to develop new
products or processes; some to im-
prove existing products or processes;
and the balance is fundamental re-
search to uncover basic facts without
regard to immediate commercial use.
Each of ten manufacturing depart-
ments has its own research staff and is
operated much like a separate com-
pany. In addition, the Chemical and
Engineering Departments, which are
not engaged in manufacturing oper-
ations, conduct research in the in-
terests of the Company as a whole.
A typical Du Pont research team
The new research man has frequent contact
with experienced supervisors. Here M. Hayek,
Ph. D., Indiana '47, discusses data obtained
in an experiment with F. B. Downing, left, a
member of research supervision, and M. B.
Sturgis, a research group head.
Neoprene, used in wire, cable and hose jack-
ets, resists abrasion, oil, heat, and sunlight.
Neoprene gloves and protective clothing resist
deterioration by chemicals, greases and oils.
Milling and compounding neoprene in the rub-
ber experimental laboratory.
may include physicists, chemists,
chemical and mechanical engineers,
each of whom brings specialized train-
ing to bear on a specific phase of the
subject. The man who joins one of
these teams finds himself associated
with some of the ablest minds in the
profession and receives the oppor-
tunity and friendly support needed
to make fullest use of his capabilities.
BETTER THINGS FOR BETTER LIVING
. . . THROUGH CHEMISTRY
More facts about Du Pont— Listen to "Cavalcade
of America" Monday Nights, NBC Coast to Coast
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Equivalent Vibration System of an automobile.
the same as for the car spring except
that the mass involved is that of the
wheel and axle. The combined action
then has two degrees of freedom. In
the algebraic formula, x, may be
found in the case of the Studebaker
Commander by substitution of c
3.24 lb-sec/in., k = 305 lbs per inch,
the design forced vibration frequency
8.38 rad/sec (80 cycles per minute) ,
and a mass of 5.12 lb-sec2/in., all for
the front suspension. Similarly, xo
may betermined for the rear suspen-
sion using k = 2 x 100 = 200 lbs/in.,
c = 7.64 lb-sec/in., the same design
frequency, and a mass of 4.02 lb-
seco/in. In both cases the damping
constants must be doubled, for there
are two shock absorbers; the other
values may be substituted directly.
This will give two different values of
amplitude, which in turn can be used
in such a way as to indicate the pitch-
ing effect.
The front suspension of the Stude-
baker automobile consists of a four-
link mechanism called the Planar
Suspension System. Its four links
are: (1) upper control arm, (2)
kingpin assembly, (3) lower control
arm, and (4) the frame, or ground
link. (See illustration) . It is damp-
ened by double-acting Houdaille-
Hershey shock absorbers whose
damping, like that in many makes of
cars, is somewhat heavier when body
and axle are spreading apart than it
is when they are coming together.
It might be said that the wheel should
not be as free to drop from the frame
irito a road depression when there
LI N C)
is the chance that it will bridge the
gap and roll over it safely, and that
certainly something must give way
when the wheel rolls over a protru-
sion. But, in general, the theories of
those manufacturers who make a
practice of unequal damping on up-
and-down motions have never been
explained quite rationally.
One point of excellence in Planar
Suspension is the great amount of
wheel displacement possible with al-
most straight-line motion: about 8.25
inches. The change in axle camber or
pitch between the two extremes of
relative axle position is around 6 de-
grees. This angular change is kept
as slight as it is by proper placement
of the 7.75-inch upper control arm in
conjunction with the 14.375-inch
lower arm. In the 1948 model Stude-
bakers, the spring is no longer bolted
firmly to the lower control arm as
illustrated in the picture (1947), but
the hole in the end of the main leaf
slips over a guide pin without secur-
ing. This design means that the spring
is not called upon to act like a con-
trol arm, but it does what a spring
should do — it exerts a force on a
particular point in proportion to the
displacement of that point.
The front suspension of the Stude-
baker Champion is designed for 70
vibrations per minute, which, with
an 8.25-inch axle displacement, would
produce a maximum vertical velocity
at the center of the king pin of 181
inches per minute, assuming the dis-
placement to be sinusoidal. This
velocity would occur when the wheel
Continued From Page 11
is approximately in its static loaded
position.
With a displacement of 14° above
static position and 19° below, the
lower control arm moves 34°, or 0.569
radians. Since the spring force is ap-
plied 12.375 inches from the center
of rotation, the total distance through
which the spring force acts in one
cycle is: 12.375 x 0.569 = 7.05 inches.
The average load upheld by the
Champion model during maximum
vibration amplitude is about 1427 lbs.
Therefore the energy utilized in com-
pressing the spring is 10,100 in-lbs.
At 70 cycles per minute this amounts
to a front spring loss of about 1.75 hp
with maximum amplitude. It is im-
portant to remember that this is as-
suming no body displacement; how-
ever, if we had chosen a road contour
of the proper (greater) amplitude,
the relative displacement of axles
with respect to frame would have
been the full 8.25 inches. This matter
is mentioned because very often we
are inclined to forget that the spring
suspension costs something; we don't
get it for nothing, and the engine
must supply the energy. In this ab-
surdly impractical calculation, the
energy used in moving the shock ab-
sorbers was ignored, as was the en-
tire rear-wheel assembly.
The reason why a heavier car rides
more smoothly than a lighter one is
obviously due to the greater inertia
force needed to accelerate the body
and frame. When the car rolls over
a depression in the road, the spring
force between axle and frame forces
the wheels into the depression. Im-
mediately, there is less spring force
acting upward than body weight act-
ing downward, and the difference be-
tween these two forces is the force
tending to produce body acceleration.
Naturally, the greater the mass, the
less the acceleration produced by this
given, unbalanced force. A similar
analysis is shown for a road protru-
sion.
However, this does not mean that
riding comfort is directly proportional
to mass, in spite of the truth that
vertical acceleration is the measure
of comfort. If a car weighs less, its
unbalanced spring force will be less
also. The Studebaker Champion
model has very favorable riding
quality at 2978 pounds weight — prac-
tically as smooth as the heavier
Continued On Page 24
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No one has ever brought in a gusher in Whit-
ing, Indiana-
-yet some of the greatest discoveries in petro-
leum history have been made in Whiting, and
more will be made there. For at Whiting is
Standard Oil's research laboratory, now housed
in new buildings like the one above.
Standard Oil researchers, engineers, and other
technical men have worked for years on the
problems of getting more and better products
from crude oil. Results to date are equivalent
to the discovery in the laboratory of extra
billions of barrels of petroleum.
t..."0- „ anis
Now Standard's men of science are looking
beyond crude oil, as well as deeply into it.
Already they know how to make liquid fuels
and other products from natural gas and from
coal, by variations of the hydrocarbon-syn-
thesis process. The future will bring additional
progress on possible replacements for petro-
leum and particularly on more effective meth-
ods of using our present supply.
A good share of that progress will be made in
the Whiting laboratory. Standard Oil men of
the present and future will continue to dig for
oil in their own effective way.
Standard Oil Company
(INDIANA)
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Xialostelive ega4reiviion . . Continued From Page 22
Studebaker Commander model at
3449 pounds.
The final problem of riding quality
depends upon eliminating the vertical
acceleration. The "inertia controlled"
shock absorber, which appeared in











deliver a force in opposition to body
acceleration. In this respect there
is some comparison with the Sperry
gyroscopic pilot, and the idea seems
reasonable. But when wheels and
chassis are coming together with body





damping is desired, and the same
is true when wheels and body are
separating with body acceleration
downward.
The rubber tire has improved the
ride, and at once its use should sug-
gest a direction for improvement.
That direction is increasing the num-
ber of degrees of freedom. Between
each additional series spring there
must be a mass, and if one more de-
gree of freedom were placed between
frame and axle, one additional mass
would have to be included. Such a
mass would have the objection of be-
ing wholly "dead weight." But in
view of the research done on the in-
ertia shock absorber, perhaps a 
pler device might be developed whose
damping force would be proportional
to acceleration rather than to velocity
as in the conventional shock absorber.
This device wcruld behave exactly as
a mass as far as our purpose is con-
cerned, and it would operate between
the present spring and the additional
one.
More practically, there is another




"The Pause That Refreshes"
COCA-COLA
BOTTLING COMPANY
924 Lafayette Ave. C-7094
TO DANCE BETTER . . .
BETTER GO TO . . .
120 So. 7th SL
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CARBURIZING • DRYING •
These are the tasks for GAS—these ,and hundreds of other
industrial heat processing requirements. In fact, modern
Gas Equipment has proved its superiority in virtually every
industrial production-line heating application.
As a source of heat in the production and fabrication of
metals GAS combines characteristics found in no other
available fuel—
• SPEED—heat can be applied to any area or injected to any
depth at exactly the temperature and speed desired.
• CONTROLLABILITY—automatic controls maintain precise
temperatures, permit exacting cycles of heat processing on
continuous 24-hour schedules.
• FLEXIBILITY—equipment is applicable over a wide range,
performs many heat-treating and processing operations
without expensive accessory devices.
• ECONOMY—the fuel and the modern equipment are eco-
nomical, the production cost per piece amazingly low.
• CLEANLINESS—clean fuel facilitates good "shop housekeep-
ing," promotes morale and good health among workers,
eliminates many causes of rejects.
These are the characteristics of GAS you'll find useful in
any industrial heating application—these are the reasons
why GAS is Universally accepted wherever heat is used
for processing.
ANNEALING • POLYMERIZING • BRAZING








420 LEXINGTON AVENUE, NEW YORK 17, N.Y.
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AT LAST
We are issuing a
FAMILY GROUP HOSPITAL
INSURANCE POLICY
for married college students.
Hospital expenses, Surgeon's fees, Full Maternity
benefits (10 days).
For full information write
World Life and Accident Ass'n.
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Concluded From Page 24
direction we might take, and that is
introducing our freedom between
body and frame. Here there is the
combined mass of engine, transmis-
sion (as far as the first universal
joint) , and frame. Between this mass
and the body, freedom might be in-
troduced, though perhaps presenting
difficult problems in stability and
safety. Already the connection be-
tween body and frame has progressed
from a canvas separator to rubber
mounting with such desirable results
as elimination of "road rumble."
Further progress with either rubber
or springs is surely reasonable.
As Professor Den Hartog, of Har-
vard University, has said, there is no
Sperry gyroscope for the automobile.
Its problems in both suspension and
steering are far from solved, and the
room for improvement is immense.
Development groups everywhere are
concentrating on these problems, and
as before, results are surely forth-
coming through a realization that the
best reason for doing anything a cer-
tain way is simply because it works.
"When You Say It With Flowers
Say It With Ours"
THE BLOSSOM SHOP
Gladys Cowan Pound
113 N. 7th Street Telephone C-3828
TERRE HAUTE, INDIANA
Member of Telegraph Delivery Service
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UR ASSIGNMENT for tomorrow will be based on the textbooksYO 
you're studying today. Many of these are published by McGraw-Hill.
From them you're getting much of the technical knowledge on which
you'll build a successful career.
These same books, and many other McGraw-Hill titles, will be an
indispensable part of your business life. To these you will, of course,
want to add the McGraw-Hill magazine edited for your field.
For example, if you're studying chemical engineering, the chances
are you know Perry's Chemical Engineers' Handbook and many of
our other books in this field. If you're going to be an aeronautical
engineer, you probably know our series in aeronautical science.
In all, McGraw-Hill books and magazines cover practically every
kind of business and industry.
Chemical Engineering and Aviation Week are but two of the many
McGraw. Hill magazines for men in business and industry. When
you'N e finally arrived on your assignment Tor tomorrow—keep in-
formed. Let the McGraw-Hill magazine that's edited expressly for
your field help you turn your job into a successful career. Remember,
McGraw-Hill books and magazines are valuable tools.
McGRAW-HILL
PUBLICATIONS
HEADQUARTERS FOR TECHNICAL INFORMATION
330 WEST 42nd STREET • NEW YORK 18, NEW YORK












Ptg. & Pub. Co.
140 North 6th St.
TERRE HAUTE, IND.
RESEARCH. Concluded From Page 9
Vitol consists of 85% alcohol and
15% water, with tettaethyl lead and
soluble oil. In wartime planes, 50-50
alcohol and water solution was used.
The Vitameter developed to give
the booster "shot" operates only when
the engine needs extra power, as in
starting suddenly or in climbing hills.
It can be installed in a car in less
than an hour and will retail for ap-
proximately $30. Vitol, the injection
fluid, is comparable in cost to motor
oil.
Developments In Nickel Plating
Two developments, electroforming
and deposition, are now bringing new
latitudes to the designer. These de-
velopments are making it possible to
turn out complicated shapes on a pro-
duction basis and to apply heavy
electro-deposits of nickel on plastic
bases. Both are currently being em-
ployed with success in a number of
different fields—from the forming of
fountain pen caps and barrels to the
electroplating of plastic safety razor
handles.
The chief advantage of these pro-
cesses lies in the greater latitude they
offer the designer and engineer, both
for decorative items such as fountain
pen parts and for a variety of in-
dustrial items—the number of which
is only beginning to be explored.
Formed shapes can be controlled
within tolerances as small as plus or
minus 2/10,000 of an inch. There is
little limit to the complications in
shapes which can be electroformed.
Rounds, squares, recesses, undercuts,
and other variations can be combined
in a single design. Many of these
combinations could not be produced
economically in any other fashion—
even by machining from solid block
stock, which, where possible, would
involve excessive machining costs.
Where less complicated shapes are
involved, the cost of electroforming
in some cases has been found to be
approximately 25 per cent less than
die casting or other types of forming,
since tooling and die costs are elimin-
ated, variations in a specific design
also can be made economically for
the same reason. There are few
stresses set up in comparison with die
forming or similar types of fabrica-
tion, such as drawing.
In the plating of plastics, the plastic
base is first given a minute film of
pure silver and then inserted in the
plating tank. Nickel is found to be an
excellent material for this type of
plating, not only because of its ap-
pearance and mechanical properties,
but also because of the established
value of nickel as a base for the
further application of chromium or
precious metals like gold, platinum,
or palladium.
One notable application of plating
plastics was the case of a manufactur-
er of bathroom fixtures who had al-
most 50,000 plastic shower control
handles in stock. These had been
produced during the war when the
use of metals for such purposes was
restricted. After metals became avail-
able again, the public taste—long ac-
customed to chromium fixtures—in-
sisted upon a return to bright work.
By applying a heavy electro-deposit
of nickel to these handles and then
plating on a layer of chromium, the
entire stock was salvaged.
Electroforming and deposition offer
almost unlimited possibilities to the
designer, and it is expected that an
equal number of applications will
develop for these processes, since in-
dustry is just beginning to explore
their possibilities for production
problems.
SHOE REPAIR=
Stafford Hat ond Shoe Sanitarium
108 No. 7th St. C-1654
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The NEW LOOK B & W Style
BABCOCK & WILCOX
THE BABCOCK & WILCOX CO.
85 Liberty Street, New York 6, N. Y.
Partially visible at far left is a new
2,000,000-volt X-ray machine at
B&W for making certain that welded
seams in pressure vessels for large
boilers, refineries, and chemical proc-
esses meet industry code specifica-
tions. It is the largest X-ray ever built
for this important purpose — eight
times as powerful as the average hos-
pital X-ray.
Long years of this kind of engineer-
ing foresight and initiative has linked
the B&W name with numerous other
significant pioneering advances in
many fields of industrial activity.
Yet for all its 80 years, B&W has
never lost the art of having new ideas
—a good reason why technical gradu-
ates can look to B&W for excellent
career opportunities in research, engi-






















For 81 years, leaders of the engineering profession
have made K & E products their partners in creating
the technical achievements of our age. K & E instru-
ments, drafting equipment and materials—such as the
LEROYt Lettering equipment in the picture—have thus
played a part in virtually every great engineering
project in America.
KEUFFEL & ESSER CO.
EST 1867
NEW YORK • HOBOKEN, N. J.
Chicago • St. Louis • Detroit
San Francisco • Los Angeles • Montreal




Gamma Gamma of Alpha Tau
Omega will usher in the Fall term
with rushing activities by entertain-
ing guests at an informal party in the
first week of the new term. The chap-
ter is a hive of activity, busily en-
gaged in preparing a gala welcome for
the returning grads during the week-
end of Homecoming festivities. The
actives have outlined what they hope
is a program which will keep the
homecoming celebrants wild-eyed
and happy for three days running.
Orchids to grad Karl Hauser and
Al Schairbaum for their good work
on the Homecoming decorations.
Brother Hauser freely gave much of
his vacation time for the project.
The chapter and guests were en-
tertained with a hayride on October
2. The racks made their way down
the Clay-Vigo county line to the farm
of Bill Tingley (Gamma Gamma) ,
where we all enjoyed hot coffee, co-




Congrats to Brother Bill Schumann
on his marriage during vacation to
Miss Louise Fisher, to Brother Tom
Price on his marriage to Miss Char-
lotte Lindley, and to Brother "Flash"
Follis, who walked the "last mile"
with Miss Mary Ida Lemmons.
We have in our midst two more
ATO Sweethearts this month. Broth-
er John DeReamer gave his pin to
Miss Shirlee Moon and Miss Rita
Gretencord received a pin from
Brother Bill Orbaugh. Both candi-
dates are ISTC students.
Plans are in the making for the
annual Christmas Formal dance, tra-
ditionally the highlight of the chap-
ter's social calendar. It is hoped that
this year's Formal will break all
records.
Theta Xi
Commencement is here once again
and again we must say farewell to
many of our brothers. Their leaving
is a great loss to us, but their con-
tributions to the fraternity will never
be forgotten.
Among those from Theta Xi who
are setting forth to face the world
with only a slide rule and sheep-skin
are: William E. Backes; William G.
Blount; Robert L. Brandenburg;
John W. Bryant; Charles V. Eshel-
man; Caspar W. Haupt, Jr.; James
Hurt; Max E. Lindley; Richard J.
McDaid; Richard S. McFarland; John
M. Nevins; Herbert B. Sliger, Jr.;
. James F. Stieff; and Orville L. Stone.
To these men the chapter extends
best of luck in the various tasks they
undertake.
On Saturday, October 9, an open
house was held with a skating party
afterwards. In view of the great num-
ber attending it must be said that the
party was a great success. Thanks
again, Brother Milner, for another
enjoyable evening. It should also be
said that the picnic near St. Mary's
was enjoyed by everyone except
maybe Brother Sewell.
The chapter extends its congratu-
lations to Brother and Mrs. Richard
McDaid on the birth of a new baby
girl.
Louisville Bridge & Iron
Company
Incorporated 1865
Engineers, Fabricators and Erectors of Steel Bridges,
Steel Buildings
Stock Steel for Prompt Shipment
Offices: 1 1 th and Oak Streets
Louisville Kentucky
•








National Electric is the
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THE INTERNATIONAL STANDARD OF EXCELLENCE
SINCE 1880
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HIGGIFIS LINK 1 
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Exquisite, Beautiful Diamond Rings are a fine answer
to a Christmas surprise. Our diamonds are unexcelled in brilli-
ance, clarity, color, and perfection.
Est. 1876 SCHMIDT'S14 So. 7th St.
Terre Haute's Oldest Established Retail Jewelers
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According to the chemicals the
first alcohol was distilled in Arabia,
which may explain those nights.
* * * * *
First Coed: "Jimmy is grand, but
I think all men are trying some-
times."
Second Coed: "Men are trying all
of the time, dearie."
* * * * *
As far as we know the street
sweepers are the only ones to make
good following the horses.
* * * * *
The girl was through with her
bath and was just stepping onto the
scales to weigh herself. Her hus-
band happened to return home at
this time and entered through the
back door. Seeing what his wife was
doing as he passed the bathroom
door, he exclaimed, "Well, dear, how
many pounds to-day?" Without
turning her head, she replied, "I'll
take 50 pounds today, and don't you
dare pinch me with those tongs."
* * * * *
A group of prohibitionists look-
ing for evidence of the advantage
of total abstinence were told of an
old man of 102 who had never touch-
ed a drop of liquor. So they rushed
to his home to get a statement.
After propping him up in bed and
guiding his feeble hand along the
dotted line, they heard a violent
disturbance coming from another
room — furniture being smashed,
dishes being broken and the shuff-
ling of feet.
"Good heavens, what's that?"
gasped a committeeman.
"Oh,' whispered the old man as
he sank exhaustedly into his pil-
lows, "that's Pa, he's drunk again."
* * * * *
Advice to Younger Men
You can never tell about women
—even if you can, you shouldn't.
* * * * *
Chem. Prof: "Can you tell me
anything about the great Chemists
of the 17th century."
W. Ham (with another timely
comment) : "They're all dead, sir."
By Robert Campbell, sr., c.e.
Extracts from a Flapper Diary
First day out—young officer made
advances. I repulsed him.
Second day out — young officer
made advances, I repulsed him. He
threatens to blow up the ship if I
repulse him tomorrow.
Third day out — I saved thou-
sands of lives to-day.
* * * * *
A young couple asked the parson
to marry them immediately follow-
ing the Sunday morning service.
When the time came, the minister
arose and said, "Will those who wish
to be united in holy bonds of matri-
mony please come forward ?" There
was a great stir as thirteen women
and one man approached the altar.
* * * * *
Why aren't you going with Mary
any more?"
"Well, she wasn't pretty, she
didn't have any money, she wasn't
a good dancer, she was a poor con-
versationalist and she married Joe.
So I took the advice of my friends
and dropped her."
* * * * *
Engineer's Son: "Daddy, give me
a nickel to buy an ice cream cone."
Father: "Shut up, and drink your
beer."
4001/40194
A lady bought a parrot from a
pet store only to learn that it cursed
every time that it said anything.
She put up with it as long as she
could, but finally one day she lost
her patience. "If I ever hear you
curse again," she declared, "I'll
wring your neck."
A few minutes later she remarked
rather casually that it was a nice
day. Whereupon the parrot prompt-
ly said, "It's a hell of a fine day."
The lady immediately seized the
parrot by his head and spun him
around in the air until he was al-
most dead.
"Now then," she said, "it's a fine
day to-day, isn't it?"
"Fine day!" exclaimed the par-
rot. "Where in hell were you when
the cyclone struck?"
* * * * *
Overheard in the Bookstore
("Swede" Johnson speaking to
impress someone) : "I pay for every-
thing that I eat here."
Underclassmen are wanting to
know why a job in the bookstore is
better than a scholarship.
* * * * *
A lunatic was leaning out of the
asylum and watching the gardner.
"What are you doing?" he asked.
"I'm putting manure on the
strawberries," the gardner said.
"I usually put sugar on them,"
replied the lunatic, "but then I'm
crazy."
* * * * *
And there was the nervous June
bride who didn't know whether to
say, "I do," "I have," or "I will."
Foiled
A boy and a girl were out driving.
They came to a quiet spot on the
country lane and the car stopped.
"Out of gas," said the boy. The girl
carefully opened her purse and
pulled out a bottle. "Wow!" ex-
claimed the boy, "You've got a
whole pint — what kind is it?"
"Gasoline," replied the girl.




Little about this scene remains to-
day, yet here you see it as it was.
For someone snapped a shutter at
the turn of the century—and "filed
this record for the future" on film.
Because photography makes rec-
ords that last, many offices and plants
are putting it to profitable use.
By reproducing a drawing, a blue-
print, a specification sheet on one
of the new Kodagraph Papers, you
can have a photographic copy with
a sharp, non-fading image of every
detail.
By making Recordak Microfilm
files of correspondence, contracts,
checks, you can protect them from
alteration, preserve them from wear-
and-tear.
By using photographic progress
reports of construction work—by
photographing accident scenes or
filming surgical operations—you can
have "eye-witness" accounts whose
accuracy never changes.
This and more you can do because
photography lasts. For some of its
other functional applications which
daily benefit business and industry,
write for "Functional Photography."
Eastman Kodak Company
Rochester 4, N. Y.
Advancing business and Functional Photographyindustrial technics ...
'A•
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STARRING IN THE LUCK OF THE IRISH-




AND TO KEEP PACE WITH
THE EVER-INCREASING DEMAND
Chaste/field is huildiney another friary
—it's large—it's modern and in the very heart
of Tobaccoland where the Chesterfield Factory
group and tobacco-ageing warehouses
are already "A city within a city"
SO MELD they Swish 11h/lions SO MILD they'll SatzlsA You
Copyright 1918, LIGGETT & MYERS TOBACCO CO.
